The electrical detection of the surface states of topological insulators is strongly impeded by the interference of bulk conduction, which commonly arises due to pronounced doping associated with the formation of lattice vacancies. As exemplified by the topological insulator Bi 2 Te 2 Se, we show that via van der Waals epitaxial growth on thin BN substrates, the structural quality of such nanoplatelets can be substantially improved. The surface state carrier mobility of nanoplatelets on hBN is increased by a factor of about 3 compared to platelets on conventional Si/SiO x substrates, which enables the observation of well-developed Shubnikov-de Haas oscillations. We furthermore demonstrate the possibility to effectively tune the Fermi level position in the films with the aid of a back gate.
While theory predicts TIs to be perfect bulk insulators, in practice their charge transport properties are dominated by defects. In fact, a sizeable amount of point defects (vacancies or antisite defects) is commonly introduced during the crystal growth in case of the chalcogenides Bi 2 Se 3 , Bi 2 Te 3 , Sb 2 Te 3 and their alloys, which represent the currently most intensively studied three-dimensional (3D) TIs. The presence of such defects leads to strong bulk doping in these compounds 3, 9, 10 . Moreover, chemical reactions at the crystal surface have been documented to impart notable doping 11, 12 . The bulk doping creates a quasi-metallic conduction channel parallel to the surface channels, rendering it difficult to unequivocally assign charge transport features to the topological protected surface states. Strategies that have been pursued to minimize the contribution of the bulk transport include compensation doping 13, 14 , alloying of differently doped TIs 15, 16 , or increasing the surface to bulk ratio by using ultra thin samples 17 . However, doping or alloying typically results in a concomitant drastic decrease in carrier mobility due to the introduction of defects. One possibility to avoid such decrease in the structural quality of the crystals involves the epitaxial growth of TI thin films on graphene, which has been demonstrated to significantly reduce the defect density and hence the bulk interference 18 . At the same time, the lowered defect concentration in epitaxially grown films ensures enhanced carrier mobilities 19 .
The suitability of graphene as a substrate for epitaxial growth of TI materials derives from its layered structure with hexagonal lattice symmetry, combined with its C-C bonding length of and held at his temperature for 30 s -6 min, followed by natural cool down without gas flow.
Morphology and thickness of the films were found to sensitively depend on the position of the growth substrates and the growth time. The accessible thickness was determined to range between 10 and 500 nm.
As exemplified by the AFM images in Figure 1c and Figure 2b , as well as the SEM image in degree (see Figure 2c ). In addition, it can be seen in Figure 2a that the nanoplatelets preferably grow parallel to one of the sharp edges of the hBN sheet that are formed during exfoliation. Since the edges of the hBN flake enclose an angle of precisely 30° they can be assigned to armchair and zigzag edges. Assuming that the edges marked in blue in Figure 2a are the armchair edges of the BN flakes, the growth mechanism suggested in Figure 1b gains further support (if these edges were the zigzag edges instead, the resulting misfit would be unrealistically high, specifically 26% in case that the Bi 2 Te 2 Se flakes would be compressed, and 47% if they would be expanded). Having confirmed the 2D nature of the SdH oscillations, we now address the position of the Fermi level in our samples. The Fermi energy can be calculated from
where m cyc is the cyclotron mass and v F is the Fermi velocity. According to the Lifshitz-Kosevich . 16 We have furthermore tested the possibility to tune the Fermi level in our samples through the action of a back gate. As can be discerned from Figure 5a , which displays the extracted SdH oscillations for different back gate voltages V G , the period Δ1/B rises with increasing V G . In Figure 5b , the peak positions of the SdH oscillations are plotted as a function of the LL index n. As discussed above, the slopes directly yield values for the Fermi vector k F via eq. 1. The corresponding E F values can then be determined with the aid of the ARPES-derived band structure of Bi 2 Te 2 Se, see Figure 5d . 16 In this manner, the error associated with the assumptions made to calculate the cyclotron mass can be avoided (for comparison, Figure S5 shows E F values derived from the cyclotron mass). The sketch in Figure 5c evidences that E F (of the bottom surface which is influenced by the back gate, The fact that the SdH oscillations show only a single period for all gate voltages (see Fig. 4b ),
indicates the contribution of only one surface state. A similar conclusion has recently been drawn from the magnetotransport behavior of Bi 2 Te 2 Se nanoplatelets on Si/SiOx 37 . We attribute this finding to a deterioration of the surface state at the top surface due to long exposure to air, an explanation which is in accordance with previous charge transport studies on Bi 2 Se 3 .
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Moreover, the results of low temperature Hall measurements performed at different back gate voltages (see Supplementary Information), are consistent with the n-doped character of our samples. 20, 21, 22 . It is furthermore noteworthy that the Hall mobilities agree well with the values extracted from the SdH oscillations for -60V < V g < 20V (see Supplementary Information).
We 
